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(57) ABSTRACT 

A semiconductor memory device includes a semi-conductor 
substrate, a MOS transistor formed on the semiconductor 
substrate and including a pair of impurity regions as a source 
and a drain, and a gate electrode, a ?rst conductive plug 
formed in contact With an upper surface of one of the pair of 
impurity regions, and a planar ferroelectric capacitor formed 
by stacking a loWer electrode layer, a ferroelectric layer and 
an upper electrode layer on the ?rst conductive plug, a side 
face upper end of the ?rst conductive plug being aligned 
With a corresponding part of a side face of the ferroelectric 
capacitor. 

10 Claims, 13 Drawing Sheets 
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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2004 
268694, ?led Sep. 15, 2004, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor memory 

device Which comprises a ferroelectric capacitor, and more 
particularly to a semiconductor memory device Which com 
prises a highly integrated ferroelectric memory cell array 
and a method of manufacturing the same. 

2. Description of the Related Art 
Recent popularization of portable type devices has been 

accompanied by frequent use of nonvolatile memories from 
Which no stored contents are lost even When poWer is cut off. 
In addition to a ?ash memory or SRAM, one such nonvola 
tile memory is a ferroelectric memory (FeRAM) Which 
preserves data in a ferroelectric capacitor. 

For example, a ferroelectric memory is disclosed in Jpn. 
Pat. Appln. KOKAI Publication No. 2001-244426. The 
ferroelectric capacitor of the document is a so-called capaci 
tor-on-plug (COP) type capacitor as shoWn in FIG. 1 of the 
Publication. A plug is formed on one of the source and drain 
regions of a MOSFET Which is a memory transistor, and 
then the ferroelectric capacitor is formed thereon. 

In the case of forming the FeRAM of the afore-mentioned 
constitution, the folloWing-problems may occur. First, inde 
pendent processes are necessary for plug formation and 
capacitor formation. Second, an alignment margin is neces 
sary betWeen the plug and the capacitor. Because of the 
necessity of such a lithography margin, a limit inevitably 
occurs in high integration. Third, contact resistance easily 
becomes high due to oxidation on the contact surface 
betWeen the plug and the loWer electrode of the capacitor. 

Thus, there has been a demand for a ferroelectric memory 
Which can achieve high integration by minimiZing the 
lithography margin Which is necessary to form a plug and 
capacitor and reduce contact resistance of the plug. 

BRIEF SUMMARY OF THE INVENTION 

According to a ?rst aspect of the invention, there is 
provided a semiconductor memory device Which comprises: 

a semiconductor substrate; 
a MOS transistor formed on the semiconductor substrate 

and including a pair of impurity regions as a source and a 
drain, and a gate electrode; 

a ?rst conductive plug formed in contact With an upper 
surface of one of the pair of impurity regions; and 

a planar ferroelectric capacitor formed by stacking a 
loWer electrode layer, a ferroelectric layer and an upper 
electrode layer on the ?rst conductive plug, a side face upper 
end of the ?rst conductive plug being aligned With a corre 
sponding part of a side face of the ferroelectric capacitor. 

According to a second aspect of the invention, there is 
provided a method of manufacturing a semiconductor 
memory device, Which comprises: 

forming a MOS transistor on a semiconductor substrate; 
forming a ?rst reaction preventive ?lm to cover the 

semiconductor substrate and the MOS transistor; 
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2 
forming a ?rst conductive ?lm through the ?rst reaction 

preventive layer on the semiconductor substrate to bury the 
MOS transistor; 

planariZing a surface of the ?rst conductive ?lm; 
sequentially stacking a second reaction preventive ?lm, a 

loWer electrode ?lm, a ferroelectric ?lm and an upper 
electrode ?lm on the ?rst conductive ?lm to form a ferro 
electric capacitor laminated structure; and 

simultaneously forming a ferroelectric capacitor and a 
?rst conductive plug by processing the ferroelectric lami 
nated structure using a single mask. 

According to a third aspect of the invention, there is 
provided a method of manufacturing a semiconductor 
memory device, Which comprises: 

forming a MOS transistor on a semiconductor substrate; 
forming a ?rst protective insulating ?lm to cover the 

semiconductor substrate and the MOS transistor; 
opening a part of the ?rst protective insulating ?lm to 

expose one of source and drain regions of the MOS tran 
sistor, and forming a ?rst contact portion; 

depositing a ?rst reaction preventive ?lm; 
forming a ?rst conductive ?lm on the ?rst reaction 

preventive ?lm; 
sequentially forming a second reaction preventive ?lm, a 

loWer electrode ?lm, a ferroelectric ?lm and an upper 
electrode ?lm from bottom up on the ?rst conductive ?lm to 
form a ferroelectric capacitor laminated structure; and 

simultaneously forming a ferroelectric capacitor and a 
conductive plug by processing the ferroelectric laminated 
structure and the ?rst conductive ?lm using a single mask. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIGS. 1A and 1B are a partial sectional vieW and an 
equivalent circuit diagram shoWing a semiconductor 
memory device according to a ?rst embodiment; 

FIGS. 2 to 8 are sectional vieWs shoWing a method of 
manufacturing the semiconductor memory device of the ?rst 
embodiment in stages; 

FIG. 9 is a partial sectional vieW shoWing a semiconduc 
tor memory device according to a second embodiment; 

FIG. 10 is a schematic plan vieW shoWing the semicon 
ductor memory device of the second embodiment; 

FIG. 11 is a sectional vieW shoWing a state in Which an 
upper area of a plug electrode becomes minimum according 
to the second embodiment; 

FIG. 12 is a partial sectional vieW shoWing a semicon 
ductor memory device according to a third embodiment; 

FIG. 13 is a partial sectional vieW shoWing a semicon 
ductor memory device according to a fourth embodiment; 

FIGS. 14 to 19 are sectional vieWs stepWise shoWing a 
method of manufacturing the semiconductor memory device 
of the fourth embodiment; and 

FIG. 20 is a partial sectional vieW shoWing a semicon 
ductor memory device according to a ?fth embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Next, the embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

FIRST EMBODIMENT 

FIG. 1A is a partial sectional vieW shoWing a semicon 
ductor memory device according to a ?rst embodiment of 
the invention, and FIG. 1B is an equivalent circuit diagram 
of one memory cell Which constitutes the semiconductor 
memory device. In FIG. 1A, a pair of source and drain 



US 7,253,463 B2 
3 

regions 5, 6 Which are impurity diffusion regions are formed 
in a device region 2 of an upper surface of a semiconductor 
substrate 1. A gate electrode 4 is formed through a gate 
insulating ?lm 3 on the device region held betWeen the 
source and drain regions 5, 6. The gate electrode 4 becomes 
a Word line. A reference numeral 36 denotes a gate sideWall 
insulating ?lm, and 37 a gate upper part insulating ?lm. A 
plurality of such memory cell transistors 7 are formed on the 
device region 2. 

To make a pair With the memory cell transistor 7, a 
conductive contact plug 9 and a capacitor 10 aligned there 
With are formed on the source/drain region 6. The capacitor 
10 comprises an upper electrode 14, a loWer electrode 12, 
and a ferroelectric ?lm 13 held therebetWeen. The upper 
electrode 14 and the loWer electrode 12 are connected to a 
plate line 17 and the source/drain region 6. The source/drain 
region 6 is connected through a contact plug 19 to a bit line 
32. The reference numeral 31 denotes a shalloW trench 
isolation (STI). 

This structure is realiZed by continuously processing the 
capacitor 10 and the contact plug 9 using one mask. Thus, 
processing can be simpli?ed, and a highly integrated 
memory cell can be formed since it is not necessary to 
consider a lithography margin betWeen the contact plug 9 
and the capacitor 10. 

Next, referring to FIGS. 2 to 8, a method of manufactur 
ing the semiconductor memory device of the embodiment 
Will be described. First, as shoWn in FIG. 2, a device 
isolation region 31, source and drain regions 5, 6, a gate 
insulating ?lm 3, and a gate electrode 4 made of, e.g., 
polysilicon, are formed on a device region 2 of a semicon 
ductor substrate 1 made of, e.g., Si by a Well-known method. 

Subsequently, as shoWn in FIG. 3, a ?rst reaction preven 
tive ?lm 8 and a ?rst contact plug ?lm (conductive ?lm) 9f 
are formed by a sputtering method or a CVD method. For 
example, a conductive ?lm of Ti, TiN or the like can be used 
for the ?rst reaction preventive ?lm, and a conductive ?lm 
or the like of W, Poly-Si or the like can be used for the ?rst 
contact plug ?lm. The ?rst reaction preventive ?lm 8 is used 
to prevent diffusion of a metal constituting a ?rst contact 
plug through the source and drain regions 5, 6. After the ?rst 
reaction preventive ?lm 8 and the ?rst contact plug ?lm 
(conductive ?lm) 9f are deposited, surfaces thereof are 
planariZed by a CMP method or the like. 

Subsequently, to constitute a capacitor unit 10, a second 
reaction preventive ?lm 11, a loWer electrode ?lm 12], a 
ferroelectric ?lm 13f and an upper electrode ?lm 14f are 
sequentially formed on the contact plug ?lm 9f As materials 
for the upper and loWer electrodes, for example, Pt, lrO2, or 
strontium ruthenium oxide (SRO) can be used. For the 
ferroelectric ?lm, for example, Pb(Zr, Ti)O3 (PZT), 
SrBi2Ta2O9 (SBT) or the like can be used. The second 
reaction preventive ?lm 11 is inserted for the purpose of 
preventing oxygen diffusion, and a conductive ?lm of Ir, 
lrO2, TiAlN or the like can be used as a material. 

Next, as shoWn in FIG. 4, the upper electrode ?lm 14], the 
ferroelectric ?lm 13], the loWer electrode ?lm 12], the 
second reaction preventive ?lm 11 and the contact plug ?lm 
9f are continuously processed by using one mask, Whereby 
an upper electrode 14, a ferroelectric ?lm 13, a loWer 
electrode ?lm 12 and a contact plug 9 are formed all at once. 
For the processing of the capacitor/contact portion, for 
example, reactive ion etching (RIE) using a reactive gas 
ArCl, CF4 or the like can be used. 

Subsequently, a third reaction preventive ?lm 15 is depos 
ited. The third reaction preventive ?lm 15 can optimiZe ?lm 
type, ?lm thickness or the like according to the process. For 
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4 
example, the third reaction preventive ?lm is constituted of 
a single layer, and an oxygen barrier property or a hydrogen 
barrier property, or both are provided, Whereby the device 
can be protected from oxygen or hydrogen Which it encoun 
ters in the process. The third reaction preventive ?lm may be 
constituted of a plurality of layers and, for example, a ?lm 
of an oxygen barrier property may be deposited before a ?lm 
of a hydrogen barrier ?lm. With this constitution, it is 
possible to prevent more surely deterioration of capacitor 
characteristics caused by hydrogen generated in the process 
after the formation of the capacitor. As a material for the ?lm 
of the hydrogen barrier property, SiN or the like is available, 
and A1203 or the like is available as a material Which has 
both oxygen and hydrogen barrier properties. 

Subsequently, as shoWn in FIG. 5, as a ?rst interlayer 
insulating ?lm 16, for example, a BPSG ?lm or a TEOS ?lm 
(DTEOS ?lm) is deposited by CVD, and then the ?lm is 
planariZed by a CMP method or the like to expose the upper 
electrode 14. When necessary, recovery annealing (oxygen 
annealing) may be included to recover the characteristics of 
the capacitor 10. 

Next, as shoWn in FIG. 6, as a ?rst metal ?lm 17, a plate 
line 17 is formed by using RIE or the like after, e.g., an 
Al-based metal or Cu is deposited, and a second interlayer 
insulating ?lm (not shoWn) is deposited thereon. For the 
second interlayer insulating ?lm, a material similar to that of 
the ?rst interlayer insulating ?lm 16 can be used, and 
integrated thereWith after the deposition. Thus, the second 
interlayer insulating ?lm is shoWn as the ?rst interlayer 
insulating ?lm 16 in draWings (FIG. 6) thereafter. 
The method of directly forming the plate line 17 on the 

upper electrode 14 has been described. However, the upper 
electrode 14 can be covered With the ?rst interlayer insu 
lating ?lm 16, a contact hole can be formed therein, and the 
upper electrode 14 can be connected through a contact plug 
to the plate line. In this case, as shoWn in FIG. 17, the upper 
electrode is not exposed during the planariZation of the ?rst 
interlayer insulating ?lm 16, and a contact hole is formed on 
the upper electrode 14. Accordingly, a structure can be 
realiZed in Which the plate line 17 is connected through a 
plate line contact plug 17' to the upper electrode 14. 

Each of the other embodiments (described later) only 
shoWs a method of forming a plate line of a contact hole as 
in the case of FIG. 6. HoWever, in each of second, fourth and 
?fth embodiments, a structure can be employed in Which a 
plate line is similar to that of a modi?ed embodiment shoWn 
in FIG. 7. 

Subsequently, as shoWn in FIG. 8, a contact hole for a bit 
line contact 19 is formed in the ?rst interlayer insulating ?lm 
16, the bit line contact 19 is formed, and a bit line 32 is 
formed by using, e.g., an Al metal or Cu after a surface 
thereof is planariZed, Whereby a structure shoWn in FIG. 1A 
is completed. Incidentally, the example of forming the bit 
line contact 19 and the bit line 32 in the tWo steps has been 
described. HoWever, these components may be simulta 
neously formed in a single step. 
As described above, according to the ?rst embodiment, 

the contact plug and the ferroelectric capacitor aligned 
thereWith can be formed all at once on the source or drain 

region of the memory transistor (MOSFET) by using a 
single mask. With this structure, it is possible to realiZe high 
integration of the cells While there is an alignment margin, 
and to simultaneously reduce contact resistance by increas 
ing the contact area betWeen the loWer electrode and the 
contact plug immediately beloW. 

Furthermore, in the case of directly forming the plate line 
on the upper electrode of the capacitor Without using any 
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contact holes, it is possible to shorten the process. The third 
reaction preventive ?lm 15 of a single layer or a plurality of 
layers is formed to continuously cover the side faces of the 
capacitor 10 and the contact plug 9. However, by providing 
an oxygen barrier property, a hydrogen barrier property, or 
both to the third reaction preventive ?lm, it is possible to 
prevent deterioration of the ferroelectric capacitor by sup 
pressing oxidation of the ?rst contact plug. 

SECOND EMBODIMENT 

FIGS. 9 and 10 are a partial sectional vieW of a semicon 

ductor memory device according to a second embodiment, 
and a schematic plan vieW on Which a mask draWing is 
superimposed. FIG. 9 shoWs a section along the IX-IX line 
of FIG. 10. According to the second embodiment, a contact 
plug 9 and a capacitor unit 10 are formed in positions to 
overlap a gate electrode 4. As in the previous case, the 
capacitor unit 10 is aligned With the contact plug 9, and 
formed by using one mask. The manufacturing process is 
basically similar to that of the ?rst embodiment. In FIG. 3, 
after the formation of the upper electrode ?lm 14], the 
capacitor 10 and the contact plug 9 are continuously formed 
in positions to overlap the gate electrode 4 by using one 
mask. Other aspects are similar to those of the ?rst embodi 
ment, and thus repeated explanation Will be avoided. 

FIG. 11 is a sectional vieW of a semiconductor memory 
device according to a modi?ed embodiment of the second 
embodiment. The upper surface of a contact plug of FIG. 11 
is ?ush With the upper surface of a ?rst reaction preventive 
?lm 8. This can be realiZed in a manner that When the upper 
surface is planariZed by CMP after the deposition of the 
contact plug ?lm 9f in FIG. 3, the CMP is cancelled at a point 
in time When the ?rst reaction preventive ?lm 8 is exposed. 
According to the modi?ed embodiment, While the contact 
area betWeen the contact plug 9 and the capacitor 10 is 
slightly reduced, this structure can be employed if such is 
permitted. 
By employing the aforementioned structure, it is possible 

to further increase the capacitor area While maintaining the 
advantages of the ?rst embodiment, or much higher inte 
gration can be realiZed even When the capacitor area is not 
changed. 

THIRD EMBODIMENT 

FIG. 12 is a partial sectional vieW shoWing a semicon 
ductor memory device according to a third embodiment. 
According to the third embodiment, a sideWall insulating 
?lm 18 is formed in a sideWall part of a plate line 17 on a 
capacitor 10 by using, e.g., SiN. This can be formed by 
depositing, after the end of the process of the ?rst embodi 
ment of FIG. 6, SiN on a full surface, executing anisotropic 
etching such as RIE, and leaving the SiN on a side face of 
the plate line 17. 
By employing this structure, even When shifting occurs in 

alignment of the plate line 17, it is possible to prevent 
exposure of the upper electrode 14 of the capacitor 10, and 
to prevent short-circuiting betWeen the contact plug 19 and 
the plate line 17 and betWeen adjacent tWo of the plate lines 
17. FIG. 12 shoWs a capacitor structure similar to that of the 
second embodiment (FIG. 9). Features of the third embodi 
ment can be applied to the ?rst embodiment (FIG. 1A) and 
a ?fth embodiment (described later). 
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6 
FOURTH EMBODIMENT 

FIG. 13 is a partial sectional vieW shoWing a semicon 
ductor memory device according to a fourth embodiment. 
According to the fourth embodiment, a contact of a bit line 
24 is formed in a manner of connecting tWo plugs 25, 19, and 
a contact plug 19 of a ?rst stage is formed before formation 
of a plate line 17. 

By employing such a structure, it is possible to loWer the 
aspect ratio of the contact plugs 25, 19 to connect the bit line 
24 to a source/drain region 5. Additionally, since recovery 
annealing (oxygen annealing) can be executed after forma 
tion of the contact plug 19 Which generates hydrogen, 
capacitor characteristics can be improved. 

Referring to FIGS. 14 to 19, a manufacturing method of 
the fourth embodiment Will be described. FIGS. 14 to 19 
only shoW the center of FIG. 13 to simplify the draWings. 
The process up to the integral formation of a capacitor 10 
and a contact 9 is similar to that of the ?rst or second 
embodiment, and thus description thereof Will be omitted. 
After the formation of the capacitor 10 and the contact plug 
9 and formation of a third reaction preventive ?lm 15 are 
?nished as shoWn in FIG. 4, as shoWn in FIG. 14, a sideWall 
insulating ?lm 20 of the capacitor 10 and the contact plug 9 
is formed by using, e.g., SiN, and a second interlayer 
insulating ?lm 21 is deposited by using, e.g., a BNPSG ?lm 
or a DTEOS ?lm. Subsequently, the second interlayer insu 
lating ?lm 21 is planariZed by using a CMP method until the 
upper surface of the third reaction preventive ?lm 15 is 
exposed. 

Next, as shoWn in FIG. 15, a photoresist mask 33 is 
formed, and a contact hole (not shoWn) is processed in an 
opening thereof by using an RIE method. A W, Al or Cu plug 
?lm (not shoWn) for the contact plug 19 is buried in the 
contact hole, and then its upper surface is planariZed. In this 
case, it is possible to further improve CMP accuracy by 
adjusting residual ?lms of the sideWall insulating ?lm 20 
and the third reaction preventive ?lm 15 on the upper 
electrode to be left during the planariZation of the interlayer 
insulating ?lm 21, and causing the residual ?lms to function 
as CMP stoppers at the time of planariZing the contact plug 
19. 

After the planariZation of the contact plug 19, as shoWn in 
FIG. 16, an oxygen barrier ?lm 22 (e.g., Al2O3 ?lm) is 
deposited, and a photoresist mask 34 is formed thereon. A 
trench is processed to bury a bit line by using the mask 34 
as shoWn in FIG. 17. If necessary, it is possible to recover 
capacitor characteristics by executing recovery annealing 
(oxygen annealing) after the trench is formed. In this case, 
since the contact plug 19 is covered With the oxygen barrier 
?lm 22, it is possible to prevent oxidation of the contact 
surface. 

Next, as shoWn in FIG. 18, a metal (e.g., Al-based metal 
or Cu) for a plate line is buried, and planariZation is executed 
by CMP to form a plate line 17. Subsequently, as shoWn in 
FIG. 19, a third interlayer insulating ?lm 23 (e. g., BPSG ?lm 
or DTEOS ?lm) is deposited, and a bit line 24 and a third 
contact plug 25 are formed by using an Al-based metal, Cu 
or the like, Whereby a structure of the fourth embodiment 
can be realiZed. 

By employing the aforementioned structure, it is possible 
to prevent oxidation of the contact plug 19 during the 
oxygen annealing step. 
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FIFTH EMBODIMENT 

FIG. 20 is a partial sectional vieW of a semiconductor 
memory device according to a ?fth embodiment. According 
to the ?fth embodiment, a ?rst protective ?lm 26 made of, 
e.g., SiN, is deposited to cover the gate electrode 4 of a MOS 
transistor in Which a salicide ?lm (compound ?lm of silicon 
and metal formed in self-alignment) 4' has been formed. 
Subsequently, after formation of an opening as a contact 27 
for source and drain regions 5, 6, a ?rst reaction preventive 
?lm 8 and a ?rst contact plug 9 are deposited. In this case, 
since the aspect ratio of the plug 9 of the contact 27 can be 
suppressed, and the gate electrode having the salicide ?lm 
can be used Without losing the advantage of forming the plug 
9 and a capacitor 10 in alignment, the capacitor structure of 
the embodiment can be applied to a transistor Which needs 
a salicide process. Incidentally, as a capacitor structure, that 
of the second embodiment is shoWn in FIG. 20. HoWever, 
features of the ?fth embodiment can be applied to the ?rst, 
third and fourth embodiments. 
By employing the structures and the manufacturing meth 

ods of the foregoing embodiments, it is possible to achieve 
high integration of the memory cells because there is no 
need to consider an alignment margin, and to simultaneously 
reduce contact resistance by increasing the contact area 
betWeen the loWer electrode and the contact plug immedi 
ately beloW. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A semiconductor memory device comprising: 
a semiconductor substrate; 
a MOS transistor formed on the semiconductor substrate 

and including a pair of impurity regions as a source and 
a drain, and a gate electrode; 

a ?rst monoblock conductive plug formed in contact With 
an upper surface of one of the pair of impurity regions 
and having a planar side face Without a step from a side 
face upper end up to the semiconductor substrate; and 

a planar ferroelectric capacitor formed by stacking a 
loWer electrode layer, a ferroelectric layer and an upper 
electrode layer on the ?rst monoblock conductive plug, 
the side face upper end of the ?rst monoblock conduc 
tive plug being aligned With side faces of the loWer 
electrode layer, the ferroelectric layer and the upper 
electrode layer of the ferroelectric capacitor formed on 
the ?rst monoblock conductive plug. 
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2. The semiconductor memory device according to claim 

1, Wherein the ?rst monoblock conductive plug is formed 
insulatively and adjacently to the gate electrode, and the 
ferroelectric capacitor formed on the ?rst monoblock con 
ductive plug has a portion formed on the gate electrode to be 
insulated therefrom. 

3. The semiconductor memory device according to claim 
1, further comprising a plate line connected to the upper 
electrode of the ferroelectric capacitor, 

Wherein the plate line is formed to be in direct contact 
With the upper electrode. 

4. The semiconductor memory device according to claim 
1, further comprising a sideWall insulating ?lm formed in a 
sideWall part of the plate line. 

5. The semiconductor memory device according to claim 
1, further comprising: 

an interlayer insulating ?lm formed on the semiconductor 
substrate to bury the MOS transistor and the ferroelec 
tric capacitor; 

a bit line formed on the interlayer insulating ?lm to be 
connected to one of the pair of impurity regions; and 

connecting portions of a plurality of second conductive 
plugs each connecting the bit line to one of the pair of 
impurity regions. 

6. The semiconductor memory device according to claim 
5, Wherein one of the plurality of second conductive plugs 
directly connected to one of the pair of impurity regions is 
formed higher than an upper part of the ferroelectric capaci 
tor. 

7. The semiconductor memory device according to claim 
5, further comprising an oxidation preventive ?lm formed 
higher than the upper electrode of the capacitor. 

8. The semiconductor memory device according to claim 
1, further comprising a protective insulating ?lm formed to 
cover a gate electrode and surroundings thereof, 

Wherein the ?rst monoblock conductive plug connects the 
loWer electrode of the ferroelectric capacitor to one of 
the impurity regions through a portion in Which a part 
of the protective insulating ?lm is removed. 

9. The semiconductor memory device according to claim 
1, further comprising at least a single layer reaction preven 
tive ?lm formed to continuously cover the side faces of the 
ferroelectric capacitor and the ?rst monoblock conductive 
plug, Wherein the reaction preventive ?lm has at least one of 
an oxygen barrier property and a hydrogen barrier property. 

10. The semiconductor memory device according to claim 
1, Wherein a silicon and metal compound layer is formed on 
the pair of impurity regions and an upper surface of the gate 
electrode. 


